Background The UK heroin market is the biggest in Europe and~70% of heroin deaths are due to fatal poisoning. Methadone treatment for heroin addiction in the UK, the 'British system', is unique as it is largely provided by General Practitioners.
due to fatal poisoning, which is higher than many other countries. 5, 7 Methadone is the main treatment for heroin dependence, and has been shown to reduce mortality and morbidity, crime, use of other drugs, injecting drug use and HIV infection, while also improving social functioning and quality of life. 1, 8, 9 However, methadone can be fatal in overdose, and may be toxic at treatment levels when taken with other central nervous system depressants such as benzodiazepines and alcohol. 10 Diversion and abuse of methadone is an ongoing public concern and is frequently implicated in fatal methadone poisoning. 11 Some countries such as the USA deliver methadone treatment through centralized specialist drug treatment centres. In contrast, the 'British system' encourages widespread universal access to methadone maintenance treatment (MMT) provided through General Practitioners (family doctors), without a requirement for special licence or training; specialist drug treatment centres are reserved for the most problematic cases. Unlike other countries, any doctor in Britain is able to prescribe methadone (oral, injectable, or tablets) without a special licence. 12, 13 Access to MMT at the primary care level is increasingly being adopted by several countries, including the USA, 14 Canada, 15 Australia, 16 and 10 European Member States 2 to increase treatment coverage.
There are, however, concerns that the 'British system' leads to lax prescribing, which increases diversion of methadone, and in turn, results in more drug-related deaths. 13, 17 Studies in
Manchester and Scotland reported that in over half of all poisoning deaths involving methadone, methadone was obtained illegally. 18, 19 To reduce diversion, current guidance encourages supervised methadone consumption (by community pharmacists) and preferential use of oral methadone. 20 In this paper we describe trends in fatal poisoning involving heroin and methadone in England and Wales and assess the association with drug availability. We also assess the impact of the current clinical guidelines on prescribing and diversion of methadone.
Methods

Mortality data
The Office for National Statistics maintains a dedicated database of drug poisoning deaths in England and Wales since 1993. Drug poisoning deaths are extracted from the national deaths database using specific International Classification of Diseases codes for the underlying cause of death (Table 1 ). In addition to data supplied in the cause of death section of the coroner's death certificate, the database also contains textual information supplied voluntarily in confidence by coroners to ONS about circumstances of the death, which may include more detailed information about the drugs involved. 21 Deaths involving methadone were defined where methadone was mentioned on the coroner's death certificate, with or without alcohol and other drugs. Deaths involving heroin (including morphine) were defined in a similar way. We conducted a sensitivity analysis excluding deaths where heroin/ morphine and methadone were mentioned together (n 5 568). This made no discernable difference to the results and so these deaths were included both with deaths involving heroin/ morphine and deaths involving methadone.
Methadone prescriptions
The Department of Health supplied data on prescriptions for methadone in England from 1993 to 2004. National data on prescriptions include all drugs prescribed by GPs in England and dispensed in the community in the United Kingdom. This does not include prescriptions that are written in hospitals or clinics and dispensed in the community, prescriptions dispensed in hospitals or private prescriptions. In England 98% of prescriptions for methadone are dispensed in the community. 12 
Analysis
We calculated directly age-standardized mortality rates using the European Standard Population as the reference population. Trends in the proportion of different methadone preparations and quantity of oral methadone per prescription were assessed using linear regression. To assess how much methadone was prescribed on an instalment basis, we calculated the proportion of the total quantity of methadone issued using form FP10(MDA). Data were not available about the number of individuals receiving MMT for the whole time period. We therefore calculated MMT patient years by dividing the total quantity of oral methadone prescribed each year by an estimated yearly individual dose. We estimated the individual daily methadone dose as 40 mg (14 570 mg per year), which is the average dose reported by recent studies of methadone prescribing in the UK. 23, 24 We calculated the death rate per 1000 MMT patients years in England for males and females combined. We used Spearmans' rank correlation coefficient to measure the association between age-standardized rates of poisoning mortality and seizures. Statistical analysis was done using STATA 8.2.
Results
Between 1993 and 2004 there were 7072 deaths involving heroin/morphine (86% males). The median age for males was 31 years (interquartile range IQR, 25-37) and for females 32 years (IQR, 25-41). About half (52%) of deaths involving heroin/morphine received a coroners' verdict of drug abuse/ dependence, 36% accidental, 12% suicide (open and intentional combined) and ,1% homicide (often cases in which the person who supplied the heroin was prosecuted for manslaughter 21 ). Methadone was mentioned in 3298 poisoning deaths, of which 83% were male with a median age of 30 years (IQR, 24-36). The median age for females was 31 years (IQR, 24-38). Forty-one percent were assigned a coroners' verdict of drug abuse/dependence, 47% accidental, 12% suicide and ,1% homicide.
From 1993 to 1997, directly age-standardized mortality rates for males were similar for both drugs, increasing from~5 to 15 per million (Figure 1) . From 1997 to 2000, age-standardized rates for heroin/morphine increased to six times that of 1993, subsequently declining to 20 deaths per million in 2003 and rising again to 24 deaths per million in 2004. For methadone, age-standardized rates among males decreased between 1997 and 2004 to just above 1993 levels. Among females, age-standardized rates for heroin/morphine and methadone were lower than for males throughout the study period. Rates were similar for heroin/morphine and methadone until 1999, after which rates for heroin/morphine increased slightly, while rates for methadone remained stable.
Age-specific rates for heroin/morphine deaths ( Table 2) were highest for males 25-34 years old, followed by 15-24 and 35-44 year olds. Mortality rates among females were highest for 15-24 and 25-34 year olds. Similarly, for methadone deaths, the highest rates for both males and females were among 15-24 and 25-34 year olds.
The proportion of deaths where other drugs were mentioned was similar throughout the study period. Twenty-seven percent of deaths involving heroin/morphine and 44% of deaths involving methadone mentioned other drugs. Heroin/ morphine and methadone were both mentioned in 568 deaths (8% of heroin deaths and 17% of methadone deaths). The proportion of deaths mentioning both heroin/morphine and methadone was similar throughout the study period. Alcohol was mentioned for 28% of deaths involving heroin/morphine and 26% of deaths involving methadone (Table 3) . Benzodiazepines were mentioned in a tenth of deaths involving heroin/ morphine and a fifth of deaths involving methadone. The proportion of deaths where other classes of drug were mentioned was similar, except for antidepressants, which were proportionately twice as common among deaths involving methadone.
Prescriptions for methadone more than doubled from 735 100 in 1993 to 1 810 000 in 2004. The quantity of oral methadone issued on each prescription increased throughout (Figure 2a ). There was a strong statistical association between the directly age-standardized rate for fatal heroin/morphine poisoning and heroin seizures for males (n 5 11, Spearman's P 5 0.95, P , 0.001) and females (n 5 11, Spearman's r 5 0.86, P 5 0.0006). Similarly, age-standardized rates for fatal methadone poisoning were statistically associated with methadone seizures for males (n 5 11, Spearman's r 5 0.83, P 5 0.0013) and females (n 5 11, Spearman's r 5 0.74, P 5 0.0092) (Figure 2b ).
Discussion
During the 1990s there were marked changes in the epidemiology of fatal poisoning involving heroin/morphine and methadone in England and Wales. Between 1993 and 1997 the quantity of methadone prescribed in England almost doubled. During the same period methadone deaths per 1000 patient years remained similar, although the number of deaths increased in line with the number of heroin/morphine related deaths. However, after 1997 the annual quantity of methadone prescribed continued to increase while the rate of methadone deaths per 1000 patient years fell by three quarters, with a corresponding fall in the number of deaths of 10% per year. The number of methadone and heroin seizures was strongly correlated with the age-standardized death rates of methadone and heroin respectively, suggesting that both indicators may be related to trends in availability/consumption. Furthermore, our results suggest that the 'British System' can deliver substantial expansion of treatment without increasing mortality risk from diversion. Heroin/morphine deaths, however, continued to rise from 1997 to 2000 by 2-fold, but recently declined.
Strengths and limitations
The ONS Drug Poisoning Mortality Database is a uniquely rich source of drug poisoning mortality data. At a national level, it systematically includes and codes textual information from the coroner's death certificate that can be used to identify specific drugs beyond the level of detail given by using ICD codes alone. However, not all deaths attributable to heroin/ morphine or methadone may be captured. 21 In England and
Wales, post-mortem toxicological investigations are not standardized and coroners report inconsistently, sometimes only mentioning drugs they consider to have directly caused the death (unpublished data, Matthew Hickman 2005). About 10% of deaths in the ONS database have no specific substance mentioned. 21 Where multiple substances are mentioned it may not be possible to identify which substance was the principle cause of poisoning. This may have led to misclassification of deaths. We found that 27% of heroin/morphine deaths mentioned other drugs, which is less than a questionnaire survey of coroners that found 46% of heroin/morphine deaths involve other drugs. 25 This may be because coroners have selected heroin poisoning as the most likely cause of death and not written other substances on the death certificate. However, the proportion of methadone deaths where other drugs were mentioned (44%) is consistent with other UK studies. 18, 19, 26 Interpretation of results The finding that trends in fatal heroin poisoning closely track heroin seizures lends support for the thesis that seizure data may be indicators of drug availability (rather than simply changes in policing strategy) and be related to underlying trends in the prevalence of heroin use and/or heroin consumption. Firstly, increasing and decreasing heroin availability may have affected the number of heroin users or average heroin consumption, and hence the number of deaths from heroin poisoning. This occurred recently in Australia, with a sudden fall in heroin availability during 2001 accompanied by fewer fatal and non-fatal heroin poisonings, 29, 30 but is unlikely in the UK as no equivalent shortage was documented. Alternatively, both heroin seizures and deaths may reflect changes in the size and age of the underlying population of heroin users (i.e. reflecting demand); or the fall in heroin deaths (and seizures) following 2001 could be due to treatment availability increasing at a faster rate than heroin users leading to a reduced population risk and heroin consumption. Owing to the ecological nature of our study we were unable to distinguish which of these two explanations is most plausible. This would require knowledge of mortality risk among heroin users over time.
Similarly, a reduction in seizures of illicit methadone may suggest that less methadone is being diverted. Drug users in treatment are the primary source of diverted methadone and are mainly motivated by dissatisfaction with the dose or formulation of their methadone prescription. 31 Higher doses of methadone (.60 mg) achieve maximum treatment benefit 32 and are thus likely to minimize diversion. However, other studies have found that prescriptions for methadone in general practice are consistently sub-optimal, at~40 mg. 23, 24 Reduced supply of illicit methadone may alternatively be due to reduced market demand. Some drug users purchase illicit methadone for self-medication because they are reluctant to visit their doctor or have difficulties accessing services. 31 Greater availability of prescribed methadone may have reduced demand for illicit methadone, and our finding of a 3-fold increase in MMT patient years supports this hypothesis. However, a recent review by the National Audit Office found that although there have been improvements in the provision of drug treatment services, there remain problems with access to services in some parts of England and Wales. 33 We found some evidence that methadone prescribing has changed in line with Department of Health guidance. 20, 34 Prescriptions for tablets and injectable methadone declined, with the decline coinciding with the publication of the Department of Health's review of drug services in 1996. Prescribing of oral methadone increased and the proportion of methadone prescribed in instalments rose from 75% in 2001/2 to 81% in 2004/5. However, our findings conflict with that of Strang et al. 24 whose survey of about 2000 general practitioners in 2001 found that only 43% of methadone prescriptions were for instalment. The short time series available about instalment prescribing makes it difficult to assess its effect on fatal methadone poisoning. We were unable to assess changes in prescribing practice by private doctors, who although they account for only 5% of all methadone prescribing, are more likely to prescribe larger doses and more injectable methadone. 35 
Conclusion
Availability of illicit heroin and methadone is a key determinant of fatal poisoning involving these drugs. Expansion of methadone treatment does not appear to be associated with more poisoning deaths. Changes in methadone prescribing were in line with clinical guidelines introduced in 1996 and 1999 and may have contributed to reduced diversion. Increased methadone prescribing is also consistent with greater accessibility to methadone treatment, which is a key feature of the 'British System'. Knowledge of mortality risk is required to assess whether the fall in heroin-related deaths can also be attributed to the success of increased methadone treatment leading to a reduction in consumption and mortality risk, or to changes in the underlying population of drug users.
